Results and discussion
In following the work of van den Ancker and co-workers,(33) the first modified procedure we attempted was the synthesis of amine-bis(phenol)s in PEG and PPG. The phenol reagents dissolved in the warm polymers to form solutions, however, the tert-amyl and tert-butyl substituted phenols were insoluble at room temperature. Vials were loaded with phenol, polymer, solvent, aqueous formaldehyde and finally, the amine was added to the stirred mixture. Scheme 1. Synthetic route to modular amine-bis(phenol) ligands Control reactions using ethanol as the solvent were also performed and gave similar yields of products for the same reaction temperatures and times. In this series of reactions, Table 1, yields were similar for all reactions irrespective of the substituted phenol used but yields were lower at the more dilute concentrations. PEG 400 gave slightly increased yields compared to the other solvents and was therefore used in subsequent experiments. Crystals of the ligand were sometimes obtained upon cooling the PEG and PPG containing reaction mixtures. However, larger crystals of the aminebis(phenol)s were more readily obtained from saturated ethanol or methanol solutions. As in the work of van den Ancker,(33) the polymer solvent could be re-used in subsequent experiments.
Over the past decade, tremendous advances in organic synthesis (e.g. rate accelerations, Initial experiments were performed using 60 s microwave pulses at low power settings; 50 % power (600 W) or 10 % power (120 W). However, as expected, the yields increased with increased reaction time and microwave power setting. Therefore, after preliminary experiments, all amine-bis(phenol) syntheses performed in the household microwave were conducted using ten 60 s full power (1200 W) pulses, Table 2 . Reaction temperatures were monitored between pulses and were between 80 and 100 o C. Some reactions were also performed using catalytic amounts of aqueous acid, this did not increase the yield or rate of reactions.
To confirm the results obtained using a household microwave, selected reactions were repeated using a research grade instrument (Biotage Initiator System, 20 mL reaction volume sealed vessels), Table 2 . In addition to reactions in PEG 400, reactions were performed using ethanol and water. Yields using ethanol (Table 2 , Entries 15 -18) were comparable with those using PEG 400 but interestingly, excellent yields were obtained using water, Table 2 , Entries 19 and 20. These reactions can be reproduced using conventional heating, however, significantly longer reaction times are needed.
A wide range of reactions using water as the reaction medium have been studied because of their green potential.(40-42) These include Mannich-type reactions using surfactants to facilitate the acid catalyzed process.(43) Therefore, we decided to prepare a wide range of amine-bis(phenol) ligands in water. Recently, it has been discovered that in some cases, when reactants and products are insoluble in water, the reactions occur in a suspension or 'on water.'(44,45) Although, we did not see the rate enhancements observed by Sharpless and co-workers,(44) as can be seen in Table 3 , the yields of these Mannich condensation reactions improve with an increase in hydrophobicity of the phenol. For example, yields using di-tert-butyl and di-tert-amyl phenol are always significantly higher that those using para-cresol or dimethyl phenol as the reagent, Table 3 . We tentatively propose that the preferred reaction mechanism for the ligand syntheses is via formation of the iminium ion intermediates from the water-soluble amines and formaldehyde in homogeneous aqueous solution.
This is followed by step-wise reactions of these species with two equivalents of phenol via a heterogenous process on the surface of the suspended droplets of liquid phenol. This prevents any alternative reaction pathways occuring such as reaction of the amine directly with the phenol in homogeneous solution, thus increasing the yields when hydrophobic phenols are used. As phenols can be regarded as enols, when the phenol is water-soluble, some of the amine reagent can react directly with the keto tautomer of the phenol. This reduces the amount of amine available for the desired reaction with formaldehyde and this decreases the yield of amine-bis(phenol) when less sterically demanding reagents such as p-cresol are used.
We have also performed this class of reaction on a large scale (50 mL aqueous formaldehyde) using a Morton flask, equipped with a condenser, a mechanical stirrer and a heating mantle. Reactions were performed using 2,4-di-tert-butyl phenol or 2,4-di-tert-amyl phenol, and N,Ndimethylethylenediamine, yields were over 90%. However, care should be taken given the large amount of precipitate that forms which can affect the stirring mechanism.
During the course of this research, crystals of one ligand suitable for single crystal X-ray diffraction studies were isolated. † The molecular structure of 1, Fig. 2 , is significantly different from the previously reported more sterically congested analogue derived from di-tert-amyl phenol, although important bond lengths and hydrogen-bond distances are similar. (29) The structure of 1 exhibits a twist along the back bone of the ligand resulting in the phenol OH groups residing on opposite sides of the molecule in the solid state. In contrast, the di-tert-amyl derived ligand contains both OH groups on the same side of the molecule. (29) The differences in the solid state molecular structures of these two molecules are presumably due to packing constraints in the solid state, as no significant differences in their solution state structures are observed by 1 H NMR spectroscopy. 
Conclusions
In summary, we have reported the synthesis of related amine-bis(phenol) ligands in ethanol, PEG, PPG or water as the solvent. Yields for these compounds are improved compared to conventional routes and reaction times are dramatically reduced when microwave heating and water are used. Therefore, microwave assisted synthesis could aid in the synthesis of libraries of these ligands for use in highthroughput catalytic studies and this approach could potentially be extended to other related ligand syntheses.(46-50) Also, even in the absence of a microwave synthesizer, the preferred method of synthesis for the di-tert-butyl and di-tert-amyl derived ligands, and perhaps other sterically demanding analogues, should be using water as the reaction medium. During the initial submission period for this article, a communication regarding the syntheses of related amine-phenol ligands using water as the reaction medium has been accepted for publication. (51) Therein, data on the relative solubilities of alkyl substituted phenols is reported. However, further studies are ongoing into the reasons for the increased yields of these ligands when hydrophobic phenol reagents are used during their preparation in aqueous media.
Experimental

General procedures and instrumentation
Amines, phenols and aqueous formaldehye were purchased from Aldrich and Alfa Aesar. Ethanol was purchased from Fisher Scientific. PEG 400, PPG 400 and PPG 1000 were purchased from Alfa Aesar.
Microwave heating was achieved using either an unmodified household MW oven (Panasonic NN-S740WA-1200W) or a research grade microwave reactor (Biotage Initiator 2.0). NMR spectra were recorded on a Jeol EX 270, a Tecmag APOLLO 300 or a Bruker Avance 500 instrument, 
(b) Biotage Initiator
A 10-20 mL Biotage reaction tube was loaded with PEG 400 (8.0 g), 37% aqueous formaldehyde (3.0 mL), substituted phenol (37 mmol) and amine (18 mmol). The tube was sealed with a lid containing a septum and placed in the reaction cavity. The mixture was stirred and heated to the desired temperature for 5 min. During this time, the pressure in the tube was monitored by a pressure sensor on the tube's lid.
The reaction tube was rapidly cooled under a nitrogen flow, once the pressure in the tube had reduced to near atmospheric, the septum was removed. The contents of the tube were filtered, washed with a minimum amount of ethanol and dried under vacuum.
General procedure for amine-(bis)phenol ligand synthesis in ethanol under conventional heating
Phenol (0.123 mol) was weighed into a 100 mL beaker and ethanol (around 30 mL) added to give a saturated solution. The phenol solution was transferred to a 200 mL round bottom flask and 37% aqueous formaldehyde (10 mL) was added. The flask was equipped with a condenser and the amine (0.06 mol) was added. The reaction mixture was stirred and heated at 70 o C for 18 h. The reaction mixture was cooled in an ice-bath, filtered and the residue washed with cold ethanol (2 × 20 mL). The solid was dried under vacuum.
General procedure for amine-(bis)phenol ligand synthesis in ethanol or water under microwave heating
A 10-20 mL Biotage reaction tube was loaded with water or ethanol (5.0 mL), 37% aqueous formaldehyde (3.0 mL), substituted phenol (37 mmol) and amine (18 mmol). The tube was sealed with a lid containing a septum and placed in the microwave reaction cavity. The mixture was stirred and heated to the desired temperature for 5 min. During this time, the pressure in the tube was monitored by a pressure sensor on the tube's lid. The reaction tube was rapidly cooled under a nitrogen flow, once the pressure in the tube had reduced to near atmospheric, the septum was removed. The contents of the tube were filtered, washed with a minimum amount of ethanol and dried under vacuum.
General procedure for amine-(bis)phenol ligand synthesis in water under conventional heating
Phenol (0.123 mol) was weighed directly into a 200 mL round bottom flask, water (80 mL) and 37% aqueous formaldehyde (10 mL) were added. The flask was equipped with a condenser and the amine (0.06 mol) was added. The reaction mixture was stirred and heated at 100 o C for 18 h. Upon cooling to room temperature, the product formed a separate phase as either a solid or an oil that could be easily isolated. The product was dried under vacuum or if significant quantities of water were still present, it was dissolved in an organic solvent and dried over anhydrous magnesium sulfate. 
